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(54) Compact low profile magnetic input device 

(57) The invention discloses a low profile input de- 
vice for moving a cursor, scrolling a page, or selecting 
a function on a display of a handheld device. In an em- 
bodiment of the invention, a planar joystick (402,940) 
for use moving a cursor on the display of a handheld 
device comprises a movable sliding button having a first 



magnet M1 embedded therein. The button is slid by a 
user's finger over a second magnet M2, an action that 
distorts the magnetic flux 41 8 which is detected by a plu- 
rality of magnetic flux sensors 420. The direction and 
magnitude of the cursor movement on the display cor- 
respond to the change in flux caused by the movement 
of the sliding button. 
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Description 

Field of Invention 

[0001] The present invention relates generally to input 5 
pointing devices, more particularly, it relates to compact 
low profile input device suitable for use in handheld de- 
vices for moving a cursor, scrolling, and navigation and 
selection of objects on a display. 

1 

Background of the Invention 

[0002] Pointing devices have long been used with 
computers for facilitating user interaction with graphical 
user interfaces associated with computer operating sys- i 
terns by, for example, providing means for general nav- 
igation and selection of objects. Generally speaking, 
pointing devices are input devices that are used to move 
a cursor quickly and accurately to a desired position on 
a display. Dedicated pointing devices offer far greater - 
utility for cursor movement than pressing the arrow keys 
on the keyboard, for example. Some of the most com- 
mon pointing devices include mice, trackballs, touch- 
pads, joysticks, and light pens. The mouse is the input 
device that is by far the most commonly used with com- 
puters. Typically, the mouse is an external device con- 
nected to the computer that translates user hand motion 
into signals that the computer understands to move the 
cursor in the desired direction on the screen. Similar in 
function, atrackball is an input devices that is a relatively 
large sphere that users rotate with their fingers to move 
the cursor. These have been particularly popular with 
CAD (Computer Aided Design) users for precision work 
but they often have a relatively high learning curve for 
the casual user. 

[0003] Another type of pointing device that is widely 
used with computers are touchpads. Although, touch- 
pads have been primarily used on laptops because they 
can be easily integrated into the unit, they have been 
becoming more popular for use with desktop computers 
as well. Cursor movement is performed by dragging the 
tip of the finger across thetouchpad surface and tapping 
the surface to click on an object. Touchpad use also has 
a bit of learning curve since tactile feedback is lacking 
i.e. provides no analog force feedback to aid the user, 
especially when approaching the edges of the touch- 
pad. Tactile feedback often aids the user in controlling 
the movement of the cursor, for example, by increasing 
or slowing the speed at which the cursor moves by 
pressing or moving a greater or lesser amount with the 
pointing device. Furthermore, the nature of touchpads 
requires a certain amount of surface area to move your 
finger around thus making them unsuitable for use in 
small handheld devices. In the case of touchscreens, 
where the user points to a location on the screen that is 
responsive to a pointing device such as a pen or stylus, 
this input technique also lacks tactile feedback and re- 
quires an external stylus which the user must carry 



around. 

[0004] Joysticks are widely used in gaming applica- 
tions where cursor movement is effected by moving the 
free end of the joystick about a pivoting end. Although 
joysticks present and intuitive way to move around the 
screen, they have the drawback of being relatively large 
(i.e. extended shaft and knob). This aspect makes them 
particularly unsuitable for use in compact environments 
such as laptops, not to mention smaller devices such as 
PDAs (Personal Digital Assistant) etc. Moreover, normal 
use of the joystick results in mechanical stress applied 
to soldering pads and rollers which decreases its relia- 
bility over time. Light pens are very intuitive and easy to 
use since one just points to a desired location on the 
> screen for navigation or selection. However, the effec- 
tiveness of light pens is greatly dependent on the size 
of the screen and they become increasing more difficult 
to use with handheld devices with small screens, for ex- 
ample. 

o [0005] Although each of the described prior art point- 
ing devices have their advantages in certain respects, 
they are not suitable for use in the new generation of 
compact handheld devices. Touchscreens have been 
successfully employed in these smaller devices butthey 
5 suffer from the lack of tactile feedback and the incon- 
venience of using a stylus that must be tucked away in 
the device housing that adds bulk. It should be noted 
that the term handheld devices is used herein refers to 
portable devices such as personal digital assistants and 
w wireless communicator devices such as the Nokia 9110 
Communicator and its successors. Many of these de- 
vices are typically characterized in that the display, the 
keyboard, typically a QWERTY format keyboard which 
provides more convenient character input for the user, 
35 and the pointing device are integrated into a main unit 
as opposed to being separately attached. A significant 
attribute of handheld devices is that their small form fac- 
tor makes them convenient, lightweight and easy to car- 
ry. This in turn places strict limits on the amount of space 
40 a pointing device can occupy. 

[0006] A common feature of a cellular phone today is 
short messaging (SMS), wherein the user types a short 
textual message using the conventional keypad of the 
phone and then sends it to another cellular phone. As 
45 the short messaging and other applications typically re- 
lated with interaction between users, such as electronic 
mail, are developed and become commonly used, the 
conventional keypad of the cellular phone may not fulfill 
the requirements of a user. One key factor is the ease 
so and speed of typing a message. Some manufacturers 
have anticipated this and provided an additional sepa- 
rate keypad unit attachable to a cellular phone (such as 
the Ericsson Chatboard). These devices are preferably 
small and lightweight, yet providing an alphabetic key- 
55 board with additional access keys for common func- 
tions, such as the aforementioned mail and SMS and 
also preferably a set of keys for moving the cursor. As 
the functions of cellular phones evolve, a need for a low 
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profile device for moving the cursor is anticipated for al- 
so this kind of auxiliary units. 

[0007] Cellular phones with conventional key or key- 
pad arrangements such as is disclosed in USD423.51 5, 
or other types such as disclosed in USD41 5,770 are 
commonly used. The increasing use of additional func- 
tions and features of the cellular phone, such as games, 
internet access, calendar functions and such, may re- 
quire the manufacturer of the cellular phone to incorpo- 
rate a scrolling device into the device. One example of 
such device is disclosed in EP 901 262. This navigation 
key provides a rather compact construction for a rela- 
tively small device, allowing the user to e.g. scroll men- 
us, select functions, etc. However, as the form of the 
roller key suggests, the roller key requires some space 
within the device and therefore is not preferred for a very 
low profile handheld device, especially not for a clam- 
shell type of a device. Further, these navigation keys 
typically allow moving the cursor or selection to two di- 
rections only, i.e. up - down, right - left, and cannot there- 
fore be effectively used for functions requiring free cur- 
sor movement. 

[0008] U.S. 5,504,502 describes a pointing control 
device that is suitable for use on laptop computers. The 
device construction details a movable actuating mem- 
ber containing a magnet that is detected by magnetic 
reluctance detectors and where the member is returned 
to the center position by a spring. However, the con- 
struction has the drawback of being relatively complicat- 
ed whereby the supporting structure and the spring must 
be constructed into the device housing. This makes the 
device less compact with respect to height and thus, al- 
though satisfactory for use in relatively larger laptop 
computers, it is less useful for relatively small handheld 
devices, particularly those employing a folding clam- 
shell design. Moreover, the single magnet used in the 
described device produces a relatively weak magnetic 
field. Thus the reluctance detectors must be very sen- 
sitive thereby adding to the overall bulk of the construc- 
tion. Also, because of the spring force the device is rath- 
er onerous in use on ones finger or thumb, whereby the 
user will easily find the device unsuitable for longer use. 
[0009] Figure 1 shows a handheld communicatortype 
device that exemplifies the space layout constraints in- 
herent in many small footprint devices. The device is 
comprised of a main unit 100 into which a plurality of 
keys 104 forming keyboard are integrated into surface 
1 08 of main unit. For improved compactness, the device 
is constructed of a two piece folding clam shell design 
pivoting about hinge 116 which is comprised of the main 
unit 100 and an upper portion 118 containing a display 
120. Due to the small footprint, there is very little space 
on surface 108 for a pointing device of the kind de- 
scribed above. To control cursor movement, a group of 
four arrow keys 1 1 2 are employed for movement in a 
corresponding direction of the arrow. The use of arrow 
keys, similar in function to those on a PC keyboard, 
works well as a space saving solution for rudimentary 
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movement of the cursor. However, pushing arrow keys 
typically moves the cursor or scrolls the screen in dis- 
crete steps which do not provide the smooth and effi- 
cient movement provided by other pointing devices. 
5 Moreover, arrow keys do not provide the tactile feed- 
back necessary to aid the user during navigation or 
scrolling. 

[0010] In view of the foregoing disadvantages set 
forth above, it is an objective of the present invention to 
10 provide an input device and scrolling mechanism that is 
compact, efficient and provides suitable tactile feedback 
for effective use in small handheld devices. 

Summary of the Invention 

75 

[0011] Briefly described and in accordance with an 
embodiment and related features of the invention, there 
is provided an input device for moving a cursor on a dis- 
play screen comprising: 

20 

a device housing; 

a movable sliding member having a first ferromag- 
netic element attached thereto; 

25 

a second ferromagnetic element located in a fixed 
position relative to the first ferromagnetic element; 
and 

30 at least two sensors for measuring the relative 
movement of the sliding member. 

[0012] in a apparatus aspect there is provided an 
electronic device comprising a display screen for dis- 
ss playing a cursor during operation of the device, the elec- 
tronic device is characterized in that the device includes 
an input device for moving a cursor on a display com- 
prising: 

40 a movable sliding member having a first ferromag- 
netic element attached thereto; 

a second ferromagnetic element located in a fixed 
position relative to the first ferromagnetic element; 
45 and 

at least two sensors for measuring the relative 
movement of the sliding member. 

so [0013] In a further input device aspect there is provid- 
ed a sliding input device moving in discrete steps be- 
tween a first fixed position and a second fixed position 
for selecting a function on a electronic device, the input 
device comprising: 

55 

a movable sliding member having a first magnet at- 
tached thereto; 
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a second magnet fixed in position at the first fixed 
position; 

a third magnet fixed in position at the second fixed 
posltionaproximatedistancefromthefirstpos.t.on; * 

a support layer for supporting the second magnet 
and the third magnet in their respect.ve f.xed pos.- 
tions; and 10 
at least two sensors for detecting the position of the 
sliding member. 
[0014] in a method aspectthere is provided a method 
of moving a cursor on a display screen with an mput de- 
v ce by sSding a slide element attached to a f irst magnet 

by by relative movement of the slide element ,s meas- 
ured by at least two sensors and translated into move- ^ 
ment of the cursor. 



25 
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Brief Description of the Drawings 

ro015l The invention, together with further objectives 
and advantages thereof, may best be understood by ref- 
erence to the following description taken in conjunction 
with the accompanying drawings in which: 

Figure 1 shows a handheld device exemplifying the 
space constraints of small footprint devices; 

Figure 2a illustrates the principle of magnetic attrac- 
tion for centering two stacked cylindrical magnets, 

Figure 2b illustrates the resulting movement when 
a lateral force is applied to the top magnet; 

Figure 3a shows a top view of the stacked cylindri- 
cal magnets of figure 2a; 4Q 

Figure 3b shows a top view of the displacement of 
the top magnet when the lateral force is applied; 

Figure 4a shows a cross sectional side view of a 
magnetic planar joystick in accordance wrth a first 
embodiment of the invention; 

Figure 4b shows a top view of the magnetic planar 
joystick of the first embodiment; 

Figure 5a shows a cross sectional side view of a 
magnetic planar joystick in accordance with a sec- 
ond embodiment of the invention; 

Figure 5b shows a top view of the magnetic planar 
joystick of the second embodiment; 

Figure 6 shows a cross sectional side view of a 2-D 



oianar joystick using two ring magnets in accord- 
ance wrth a third embodiment of the invention; 

Figure 7 shows a cross sectional side view of a 2-D 
planar joystick using two ring magnets in accord- 
ance wrth a forth embodiment of the invention; 

Figure 8 illustrates a top view of the 1-D scrolling 
device in accordance wrth afifth embodiment of the 
invention; 

Figure 9a shows the principle of digital force feed- 
back for movement in discrete steps; 

Figure 9b shows the flux of a magnet midway in 
transition between two magnets; 

Figure 9c shows the completion of a discrete step 
resuming from the magnet being attracted to the 
second magnet; 

Figure 10 shows a 1-D slidable device moving in 
discrete steps in accordance with a sixth embodi- 
ment of the invention; and 

Figure 11 illustrates an exemplary handheld device 
implementing the input device of the present .nven- 
tion. 



so nailed Desertion nt the Invention 



100161 As discussed in the preceding sections, the 
2. « conventional pointing devices often take up , con- 
siderable space or contain components that are too 
bS to be comfortably used with handheld devices. A 
Primal reason for the bulk are the mechanical moving 
'parts such as roller components in joysticks > and track- 
Es that must be integrated into the device hous.ng for 
example Wrth touchscreens there is typically added 
r u Knce the device housing is usually designed to 
22. m i external pointing device (stylus) when not in 

mechanical sensors that need to be incorporated .nto 
*e main unft to detect and translates physical move- 
menTo the device into cursor movement. As handheld 
See continue to decrease in size, conventional me- 
chanical solutionsbecome even more untenable As put 

that is particularly suitable for use in handheld devices 
is described in the following embodiments. 
00171 Figure 2a illustrates the principle of how mag- 
neto can be used to return an input device to its balanced 

ur^ shows a side view of two permanent cylindrical (or 
55 annular) magnets and their resulting magnetic flux den , 
"ies. Permanent magnets consist of polarize charged 
particles that radiate magnetic flux as ^own by 21C 
The flux lines radiate out in an elliptical manner and al- 
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ways start at the North Pole and seek a South Pole, 
which is normally at the other end of the magnet. As 
shown in the figure, permanent magnets that are 
stacked such that the North Pole of a magnet 1 (M1) 
always faces the South Pole of an adjacent magnet 2 
(M2) results in the magnets attracting each other and 
maximizes the flux density. The two attracting magnets 
exhibit a tendency to return to the state of maximum 
combined flux thus the magnets will tend to return to this 
centered position despite any applied external forces. 
[0018] Figure 2b illustrates the situation when an ex- 
ternal lateral force F1 is applied to M1 with M2 being 
fixed. M1 is able to slide laterally when force F1 be- 
comes greater than the magnetic attraction or return 
force F2, which is tendency for the magnets to remain 
centered. As the M1 is pushed away from balance, the 
flux density 210 and 212 becomes distorted as M1 
moves farther from the center. As a consequence, the 
force F1 required for moving M1 increases as it moves 
farther from the center. At some point though, the attrac- 
tive force F2 between the magnet disappears when the 
M1 moves too far. When the force F1 is released and 
before the attraction force disappears, M1 snaps back 
to its original centered position illustrated in Figure 2a. 
[0019] As the magnets move away from their bal- 
anced center position, the flux field becomes distorted 
as described above. This distortion in the magnetic field 
can be detected by a magnetic field sensor such as a 
Hall sensor. Hall sensors are electro-magnetic trans- 
ducers that produce a voltage proportional to the 
strength of a magnetic field (or flux density) passing 
through them. The magnetic flux density can come ei- 
therf rom a permanent magnet or an electric current thus 
making them suitable for measuring current as well. Hall 
sensors convert the magnetic field into voltage which 
can be used to accurately determine the relative position 
of the magnets. 

[0020] Figure 3a shows a top view of the stacked an- 
nular magnets of figure 2a shown together with magnet- 
ic field sensors. While in the centered position, the mag- 
nets 300 emit a magnetic flux 31 0 from the north to south 
poles. The magnetic flux 31 0 is detected by four accu- 
rately positioned Hall sensors 320-323 that measures 
any change in the magnetic flux as the magnet moves 
in the x-y plane. In the center position the flux generates 
equal currents in all four of the Hall sensors indicating 
an equilibrium state translating e.g. into no cursor move- 
ment. Figure 3b shows when the top magnet is moved 
when a force F1 is applied to it. The change in position 
in the x direction causes the flux to distort toward the 
Hall sensor 320 positioned closest. This generates a 
greater current in the sensor which can be translated 
into electrical signals signifying movement to a comput- 
ing device. The principles as described above, form the 
basis for a magnetic input device operating in accord- 
ance with the present invention. 

[0021] Figure 4a shows a first embodiment of a mag- 
netic input device as exemplified by the invention. A side 



view of a two-dimensional magnetic planar joystick is 
illustrated integrated into the housing of a handheld de- 
vice. A pair of magnets M1 and M2 are stacked in the 
equilibrium center position. The planar joystick is a plas- 
5 tic button that can be moved by a finger in any direction 
in the x-y plane. The button is formed such that thefinger 
on the a button top 402 slides M1 in the desired direc- 
tion. The button extends down over M1 to form a lip 404 
that slides under the device housing 400 as the button 
10 is moved. The lip also prevents the button from lifting 
out of the housing unintentionally. In the center position, 
M1 is stacked on top of M2 and separated by a slide 
element 41 0 to facilitate sliding by reducing friction. The 
slide element 41 0 can be made of any durable low frie- 
rs tion component that does not block magnetic fields such 
as polytetrafluo methylene (PTFE) polymer. The slide el- 
ement 410 is attached to M2 with an adhesive, for ex- 
ample. M2 is fixed and attached to a printed circuit board 
41 6. Also fixed to the circuit board 41 6 are the Hall sen- 
20 sors 420 for measuring the change in magnetic flux 41 8 
resulting from the movement of M1 . 
[0022] Figure 4b shows a top view of the magnetic 
planar joystick of the first embodiment. The button top 
402 is slid by a finger in the direction the user wishes to 
25 move the cursor. The motion of the button is constrained 
by housing wall 401 in all directions. As M1 is moved, 
the change in flux is sensed by embedded Hall sensors 
420. Moreover, as the button is slid in a direction further 
from the center the more force is exerted to return it back 
30 to the center. This form of analog feedback indicates to 
the user that the cursor is moving faster when the button 
is slid farther away. 

[0023] Figure 5a shows a side view of a planar joystick 
in accordance with a second embodiment of the inven- 
ts tion. The embodiment uses two cylindrical magnets 
where a plastic button top 502 is encapsulated over M1 . 
A slide element 51 0 is attached to the bottom of M1 and 
button 502 such the entire unit slides within a recess 
501 in device housing 500. The movement of the button 
40 within the recess is constrained by the recess walls 504. 
Attached to a printed circuit board 516 is a second cy- 
lindrical magnet M2 and Hall sensors 520. A filler layer 
514, which could be just air or a material that to provide 
support for attaching device housing 500. As the button 
45 containing M1 is slid, magnetic flux field 51 8 distorts ac- 
cordingly wh ich is detected by the Hall sensors 520. The 
magnetic force between magnets M1 and M2 is prefer- 
ably so strong as to prevent magnet M1 from lifting out 
of the recess 501 (and thus helps to avoid accidentally 
50 losing magnet M1). For example ring magnets have a 
very strong magnetic force. 

[0024] Figure 5b shows a top view of the magnetic 
planar joystick of the second embodiment. Button 502 
slides within recess surface 501 distorting the magnetic 
55 flux of M 1 and M2 which is detected by Hall sensors 520 
positioned around the recess. Cursor movement is 
translated from the movement of M1 for display on the 
screen of the handheld device. The embodiment also 



5 



<EP 1 223541 A2_l_> 



9 



EP 1 223 541 A2 



10 



provides sufficient analog feedback to the user during 
use. 

[0025] Figure 6 shows a cross sectional side view of 
a 2-D planar joystick using two ring magnets in accord- 
ance with a third embodiment of the invention. The 
structure of the button is comprised of a button top 602 
attached to a shaft 604 which is attach to a base 606. 
The base prevents the button from lifting out of the hous- 
ing and provides secure sliding surface for the joystick. 
The base 606 fits inside ring magnet M1 which moves 
laterally on top of slide element 61 0 when the button top 
602 is slid. Ring magnet M2 is fixed to printed circuit 
board 616 together with Hall sensors 620 that are locat- 
ed inside the ring M2. The Hall sensors 620 are posi- 
tioned to detect the change in flux 618 and 619 as the 
button slid. The motion of the button is restricted by the 
shaft bumping up against the device housing w?i. 608 
where button movement causes the magnetic flu; ten- 
sity 618 is distorted when the button is slid in any direc- 
tion. The magnetic attraction between M1 and M2 pro- 
vides the natural centering effect for the button. 
[0026] Figure 7 shows a cross sectional side view of 
a 2-D planar joystick using two ring magnets in an alter- 
native construction and in accordance with a third em- 
bodiment of the invention. The embodiment comprises 
a button top 702 the entirely covers the ring magnet M1 . 
Attached to the bottom of the ring magnet M 1 is a sliding 
element 71 0 such that the entire unit slides within a re- 
cess of device housing 700. Movement of the button as- 
sembly is restricted by the device housing walls 704. 
Ring magnet M2 is fixed to printed circuit board 716 
along with the placement of Hall sensors 720 inside M2. 
The magnetic flux densities of 718 and 719 from the 
magnets are distorted when the button is slid in any di- 
rection. The embodiment is a simpler construction in 
that it lacks the means for preventing the button from 
lifting out of the recess. Movement of button 702 causes 
the magnetic flux density 71 8 is distorted when the but- 
ton is slid in any direction where the magnetic attraction 
between M1 and M2 provides the natural centering ef- 
fect for the button. 

[0027] In a variant the two dimensional planar joy- 
stick, a fifth embodiment comprised of a one dimension- 
al scrolling device using a similar construction to the two 
dimensional planar joystick. The construction can be 
based on figure 4a where the sliding movement of the 
button along a groove or rail causes flux distortion which 
is detected by two Hall sensors. An exemplary applica- 
tion of this arrangement is a bi-directional scrolling de- 
vice for scrolling through pages on a handheld device. 
[0028] Figure 8 illustrates a top view of the one-di- 
mensional scrolling device in accordance with a f ifth em- 
bodiment of the invention. A scrolling button 802 at- 
tached to a magnet M1 which slides along groove 804 
formed within device housing 800. M1 slides over a 
magnet M2 that is in the center position in the groove 
thereby causing a distortion of the magnetic flux when 
the button is slid. The distortion in flux is detected by a 



pair of embedded Hall sensors 820 positioned near the 
ends of the sliding path. 

[0029] In addition to input devices that provide contin- 
uous analog feedback, there are applications where dig- 
5 ital feedback can be beneficial. By way of example, a 
hands free scroller switch can be implemented to auto- 
matically scroll text up or down. The switch may include 
at least three positions where a middle position provides 
no scrolling, an upper position to provide scrolling up 
10 and a lower position for scrolling down. With several ad- 
ditional steps in either direction could make the scrolling 
faster. Digital force feedback can be achieved by "hop- 
ping" a sliding magnet from one stationary magnet to 
another stationary magnet. 
15 [0030] Figure 9a shows the principle of how digital 
force feedback is carried out. The magnetic flux from M 1 
and M2 combines to keep the magnets balanced in the 
stacked position shown. As an external lateral force F1 
is applied to M1 the flux starts to distort resulting in a 
20 return force F2 tending to pull M1 back toward M2. When 
M1 reaches a position midway between M2 and M3, as 
shown in figure 9b, the flux density becomes divided be- 
tween M2 and M3 resulting in the attractive force from 
M3 exactly balancing that from M2. As M1 moves closer 
25 to M3, the attractive force from M3 begins to overcome 
the force from M2 thereby causing M1 to snap to a cen- 
tered position on top of M3, as shown in figure 9c. In its 
simplest form, this digital movement can be implement- 
ed where the button is of a construction such that it trav- 
30 els within a groove or on a rail to provide movement in 
discrete steps. 

[0031] Figure 10 shows a discrete scrolling one-di- 
mensional input device operating in accordance with the 
invention. A button 902 can be slid upwards along 
35 groove 900 to position A or slid downwards to position 
B. There are permanent magnets fixed underneath at 
positions A and B which designate button selection po- 
sitions. The discrete nature of the input device provides 
positive force feedback in that the user is assured that 
40 the a feature is selected when the button fully clicks into 
position. It should be noted that the embodiment is not 
restricted to one-dimensional movement and that the in- 
vention can be implemented for discrete movement in 
two dimensions e.g. to replace the conventional four ar- 
45 row key navigation. 

[0032] Figure 11 illustrates an exemplary handheld 
device implementing the input devices as described in 
the invention. A two dimensional planar joystick 940 is 
implemented to replace the four arrow keys used in the 
so prior art. The planar joystick is free to move in any di- 
rection in the x-y plane (as indicated by the arrows) 
whereby the motion of the planar joystick causes a cor- 
responding movement of the cursor on the device dis- 
play. The invention provides an quick, easy and intuitive 
55 way to move a cursor in small form factor devices. More- 
over, the planar joystick lends itself particularly well for 
use in compact handheld devices because of its low pro- 
file button configuration. 
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[0033] A second exemplary implementation of the in- 
vention in the handheld device is a sliding button 952 
along groove 950. The button can be used for scrolling 
through pages that are too big to be displayed at once. 
The scrolling device can be an analog slider as de- 
scribed in embodiment five which is balanced at the 
center. As the button is slid up or down, the displayed 
page scrolls up or down accordingly. The use of discrete 
sliding buttons can also be implemented in the handheld 
device, in addition to the scrolling function previously 
outlined, for a number of functions such as setting the 
contrast of the display or selecting menu functions, for 
example. In this application, the different positions of the 
button corresponds to a different level of contrast or may 
activate a menu function such as a phonebook, email, 
or the internet. 

[0034] Although the invention has been described in 
some respects with reference to a specific embodiments 
thereof, variations and modifications will become appar- 
ent to those skilled in the art. For example, as it is clear 
that the present invention is intended for use with a dis- 
play, the device of the invention need not be integrated 
into the same device as the display, but can be attach- 
able to a display or to a device having a display, i.e. can 
be attachable as a mouse or integrated into an attach- 
able keyboard. It is therefore the intention that the fol- 
lowing claims not be given a restrictive interpretation but 
should be viewed to encompass variations and modifi- 
cations that are derived from the inventive subject mat- 
ter disclosed. 



Claims 

1. An input device for moving a cursor on a display 
screen comprising: 

a device housing; 

a movable sliding member having a first ferro- 
magnetic element attached thereto; 

a second ferromagnetic element located in a 
fixed position relative to the first ferromagnetic 
element; and 

at least two sensors for measuring the relative 
movement of the sliding member. 

2. An input device according to claim 1 wherein the 
first ferromagnetic element and second ferromag- 
netic element combine to provide a centering effect 
for the sliding member. 

3. An input device according to claim 1 wherein the 
first ferromagnetic element and the second ferro- 
magnetic element are shaped as annular rings. 



4. An input device according to claim 1 wherein the 
sensors are magnetic flux sensors that generate a 
current proportional to the density of the detected 
flux which is translated to signals interpreted by the 

5 input device into cursor movement. 

5. An input device according to claim 1 wherein the 
motion of the sliding member is restricted to move- 
ment in one dimension by traveling within a groove 

10 or on a rail. 

6. An input device according to claim 1 wherein the 
slide element is slidably engaged within a recess in 
the device housing. 

15 

7. An electronic device comprising a display screen for 
displaying a cursor during operation of the device, 
the electronic device is characterized in that the 
device includes an input device for moving a cursor 

20 on a display comprising: 

a movable sliding member having a first ferro- 
magnetic element attached thereto; 

25 a second ferromagnetic element located in a 

fixed position relative to the first ferromagnetic 
element; and 

at least two sensors for measuring the relative 
30 movement of the sliding member. 

8. A electronic device according to claim 7 character- 
ized in that the first ferromagnetic element and sec- 
ond ferromagnetic element combine to provide a 

35 centering effect for the sliding member. 

9. A electronic device according to claim 7 character- 
ized in that the first magnet and second magnet 
are permanent annular ring magnets. 

40 

10. A electronic device according to claim 7 character- 
ized in that the sensors are magnetic flux sensors 
that generate a current proportional to the density 
of the detected flux which is translated to signals 

45 interpreted by the electronic device into cursor 
movement. 

1 1 . A electronic device according to claim 7 character- 
ized in that the motion of the sliding member is re- 

so stricted to movement in one dimension by traveling 
within a groove or on a rail. 

12. A electronic device according to claim 7 character- 
ized in that the slide element is slidably engaged 

55 within a recess in the device housing. 

13. A sliding input device moving in discrete steps be- 
tween a first fixed position and a second fixed po- 
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15 



sitionforselectingafunctiononaelectronicdevice, 

the input device comprising: 

a movable sliding member having a first mag- 
net attached thereto; 

a second magnet fixed in position at the first 
fixed position; 

a third magnet fixed in position at the second 
Led PosiHon a proximate distance from the 
f irst position; 

a support layerfor supporting the second mag- 
net and the third magnet in the.r respective 
fixed positions; and 
at .east two sensors for detecting the position 
of the sliding member. 2Q 

wherein the sliding member moves in ° n 
Lnalmotionbetweenthefirstposmonandthesec 

ond position within a groove or on a rail. 25 
sional manner in discrete steps. 

cursor. 
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(54) Compact low profile magnetic input device 

(57) The invention discloses a low profile input de- 
vice for moving a cursor, scrolling a page, or selecting 
a function on a display of a handheld device. In an em- 
bodiment of the invention, a planar joystick (402,940) 
for use moving a cursor on the display of a handheld 
device comprises a movable sliding button having a first 



magnet M1 embedded therein. The button is slid by a 
user's finger over a second magnet M2, an action that 
distorts the magnetic flux 41 8 which is detected by a plu- 
rality of magnetic flux sensors 420. The direction and 
magnitude of the cursor movement on the display cor- 
respond to the change in flux caused by the movement 
of the sliding button. 
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